Abstract In the present study, we report a simple and economical precipitation method for the quantitative determination of small, dense LDL-cholesterol (sdLDL-C) in serum that is considered to be an emerging risk factor for cardiovascular disease. This method consisted of precipitation of lipoproteins of density \1.044 g/ml using heparinMnCl 2 and quantification of cholesterol existed in the supernatant using reagents for routine cholesterol assay instead of the costly direct low density lipoprotein-cholesterol assay kit. The supernatant contained sdLDL and high-density lipoprotein (HDL) that was confirmed by polyacrylamide gel electrophoresis. sdLDL-C concentration can be calculated by subtracting the HDL-C value from the total cholesterol concentration of the supernatant. sdLDL-C values obtained by this modified method were similar to those obtained by direct assay of sdLDL-C and there was significant correlation between the two methods. In conclusion, this method is highly economical, do not require special equipments and is useful to evaluate atherogenic risk.
Introduction
Coronary Heart Disease (CHD) is the leading cause of death and disability in developed nations and is increasing rapidly in the developing world [1] . In the past three decades, heart disease rates in India have doubled in rural areas and tripled in urban areas due to rapid changes in life style consequent to economic development [2, 3] . One of the most important advances in medicine has been the identification of the major risk factors for CHD [4] . Earlier studies in Asian Indians have shown that classical risk factors do not always explain the excess of CHD seen in this ethnic group.
Lipoproteins play a pivotal role in atherogenesis. Low Density Lipoproteins-Cholesterol (LDL-C) is a major target in the guidelines for the prevention of CHD. However, plasma LDL-C levels are insufficient to identify individuals with incidence of CHD events, because approximately 50% of all CHD events occur in persons with normal or even low LDL-C concentrations [5] . LDL is composed of heterogeneous particles differing in density, size and chemical composition. It is reported that people with predominance of small, dense LDL (sdLDL) have a 3-fold increased risk of CHD. Recently, sdLDL has been highlighted as a new potent risk marker for CHD in Westerners and also in Japanese populations, which has relatively lower LDL-C levels [6] . Smaller LDL particles are more susceptible for oxidation in vitro, have lower binding affinity for the LDL receptors and lower catabolic rate, have a higher concentration of polyunsaturated fatty acids and potentially interact more easily with proteoglycans of the arterial wall and are better able to penetrate the intima and uptake by macrophages-the early steps of atherogenesis. The observed increase in risk forms the basis of the rationale in using LDL particle size as an adjunct to the standard proven means of risk assessment [7, 8] .
LDL size is generally measured by gradient gel electrophoresis and ultracentrifugation techniques, which are laborious and time consuming and need special equipments. The objective of the present study was to standardize a R. S. Renjith Á N. Jayakumari (&) Division of Biochemistry, Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram 695011, Kerala, India e-mail: jaya@sctimst.ac.in simple precipitation method for the rapid quantitation of sdLDL-C using reagents for cholesterol assay and to demonstrate the prevalence of sdLDL phenotype in healthy subjects having different lipid levels.
Materials and Methods
The study consisted of 25 healthy volunteers both males and females from the age group of 20-60 years. Out of these, 20% were diabetic, 16% had hypertension and 20% were overweight (Body Mass Index [ 25). Fasting serum samples were collected from all these subjects and the following biochemical parameters were done. Serum total cholesterol and triglyceride concentrations were estimated by standard enzymatic assay method [CHOD-POD and GPO-POD, respectively] using SPINREACT Kits (Spain) [9, 10] . HDL-C was quantitated by polyethylene glycol method as described by Izzo et al. [11] . LDL-cholesterol was calculated using the Friedewald's formula as LDL-C = [total cholesterol -(HDL-C ? (TG/5))] mg%. For additional experiments, we have used Direct LDL and Direct HDL assay reagents from Olympus Life and Material Science, Germany. The entire assay was carried out using UV-VIS spectrophotometer (Shimadzu-1601 PC).
The sdLDL-cholesterol content in serum was quantitated according to the method described by Tsutomu Hirano et al. [12] with a minor modification. For this, precipitation of lipoproteins of density \1.044 g/ml, which include very low density lipoprotein (VLDL), Intermediate density lipoprotein (IDL), and large buoyant low density lipoprotein (lbLDL), were carried out using the precipitation reagent containing 40 U/ml heparin sodium salt and 30 mmol/l MnCl 2 . In brief, 0.1 ml of precipitation reagent was mixed with 0.1 ml of serum, incubated for 10 min at 37°C, and then placed in ice bath for 15 min. After which, the supernatant was collected by centrifugation at 15,000 rpm for 15 min at 4°C. The total cholesterol content in the supernatant (sdLDL and HDL) was quantitated using cholesterol assay kit, which permits the calculation of sdLDL as: sdLDL = (total cholesterol in the supernatant -HDL-C). Characterization of the lipoproteins was carried out by 3.5% polyacrylamide gel electrophoresis as described by Frings et al. [13] .
Statistical analysis was carried out for the comparison of mean differences between groups. For this, Students 't' test and correlation co-efficient 'c' were employed and a value of P \ 0.05 was considered statistically significant.
Results and Discussion
Using heparin-MnCl 2 precipitation method, lipoproteins with density \1.044 g/ml (VLDL, IDL, lbLDL) can be selectively precipitated. The supernatant contains lipoproteins with densities [1.044 g/ml, (sdLDL and HDL). To ascertain whether heparin-MnCl 2 precipitate contains only lbLDL, while sdLDL remains in the supernatant, we performed electrophoresis of serum and its corresponding heparin-Mn 2? supernatant on 3.5% polyacrylamide gels (Fig. 1) . As shown in the figure, LDL band (sdLDL) was somewhat faint in the supernatant of serum compared to original serum pattern, which contained all the LDL particles. HDL-C in the supernatant corresponded with the original serum indicates that the HDL was not precipitated Fig. 1 Electrophoretogram of serum lipoproteins and corresponding supernatant with sdLDL after precipitation of lipoproteins of density \1.044 g/ml with heparin-MnCl 2 Fig. 2 Electrophoretogram of serum lipoproteins and corresponding supernatant with sdLDL \10 mg%, after precipitation of lipoproteins of density \1.044 g/ml with heparin-MnCl 2 and was completely recovered in the heparin-MnCl 2 supernatant. But, no band corresponding to VLDL was recovered in the supernatant indicating its complete precipitation. Further in few cases, where the sdLDL-C was comparatively low (\10 mg/dl), we could not observe any corresponding sdLDL band in the b-migrating position of LDL band as shown in Fig. 2 .
sdLDL-C values were calculated by subtracting the value of HDL-C from the total cholesterol existed in the heparin-MnCl 2 supernatant. The concentrations of sdLDL-C and other lipids and lipoproteins were presented in Table 1 . Subjects were divided into distinct categories based on their lipid profile. The upper limits of normal levels of LDL-C and TG were defined according to the criteria of National Cholesterol Education Program. For comparison, lipid profiles of few subjects with known CHD were also included. In normolipidemic subjects, the mean value of sdLDL-C observed by this method was 32 ± 10 mg/dl. This value is almost similar to that reported by Hirano et al. [14] for normolipidemic subjects [sd LDL-C 31 ± 13 mg/dl]. For those subjects having combined hyperlipidemia, the mean level of sdLDL-C was found to be significantly higher than that of normolipidemic subjects (P \ 0.01). In the present study, we have also observed that in one control subject, despite having normal LDL-C and TG levels, the sdLDL-C concentration was substantially increased (50 mg/dl). Further, the mean sdLDL-C level was found to be 3-fold higher in CHD patients irrespective of the levels of total cholesterol or LDL-C when compared to those control subjects having combined hyperlipidemia.
To confirm the accuracy of this method, we performed another set of experiment using fresh fasting sample (n = 10) having mean total cholesterol 167 ± 48; Triglycerides 103 ± 42; HDL-C 45 ± 9; and compared the concentration of sdLDL-C obtained by the above method with that of direct LDL-C assay [12] . The sdLDL-C calculated by this method (27.4 ± 16.6) was similar to that obtained by direct LDL-C assay (28.6 ± 16.9) and there was an excellent correlation (c = 0.997) between the two methods. Further, sdLDL-C calculated alternatively (29 ± 16.2) by subtracting the HDL-C of the supernatant obtained by direct HDL assay, from the total cholesterol content of the supernatant was found to be similar to the above values of sdLDL-C. As HDL-C was completely recovered in the heparin-Mn 2? supernatant, sdLDL-C can be calculated by simply subtracting serum HDL-C from the cholesterol content of the supernatant that gives similar results to that of direct LDL assay.
sdLDL particles seem to be the one that cause more atherogenic risk, while the larger LDL particles are much less of a problem. Certain constituents of lipid metabolism, i.e., lipoprotein lipase, hepatic lipase activity, cholesterol ester transfer protein and TG have been shown to contribute to the formation of sdLDL particles. Although *30% of the subjects with premature CHD have normal lipid values, there has been increasing interest in lipoprotein particle size and composition as additional risk factors for atherosclerosis.
In conclusion, this study suggests that quantification of sdLDL-C can more clearly indicates the overall atherogenic potential than the assessment of LDL-C or total cholesterol. As the present modified method gives results in consistent with that reported by the original one, this simple and economical technique can be easily adopted even in a small clinical laboratory for the rapid quantification of atherogenic sdLDL-C using routine cholesterol assay reagents. We plan to apply this simple method in a large sample size to determine the prevalence of sdLDL and its association with established risk factors for CHD to confirm the atherogenic potential of sdLDL.
